We have previously reported that benzodiazepines inhibit microsomal steroid hydroxylases. We have now studied their effects at much lower drug concentrations and have also addressed the suggestion that benzodiazepines alter cellular calcium metabolism.
. Two different mechanisms have been suggested to explain this inhibition (i) direct competi¬ tion with substrates for steroid-hydroxylating enzymes and (ii) a receptor-mediated process involv¬ ing cellular calcium metabolism.
Evidence that benzodiazepines inhibit steroidogenic enzymes comes from our own studies of cortisol synthesis in isolated bovine adrenocortical cells (Holloway, Kenyon, Dowie et al. 1989 ). We noted that inhibition of adrenocorticotrophin (ACTH)-stimulated synthesis was associated with increased pregnenolone and 17a-hydroxyprogesterone production. Also, added pregneno¬ lone and progesterone were converted to cortisol less efficiently in cells treated with benzodiazepine drugs.
From these data, we concluded that, like many other drugs with an imidazole moiety (Lambert, Frost, Mitchell et al. 1984; Ayub & Levell, 1989) (Shibita et al. 1986 ). If, as in the heart, binding of benzodiazepines to adrenocortical receptors closes membrane calcium channels (Mestre, Carriot, Belin et al. 1985) , diazepam would tend to oppose the actions of angiotensin II, which stimulates calcium uptake (Foster, Lobo, Rasmussen & Marusic, 1981; Kojima, Kojima & Rasmussen, 1985 , ) . (Fig. 2b) which corresponds with the 50% inhibitory dose (IC50) of 22 pmol/1 for the effects of midazolam on ACTH-stimulated cortisol synthesis (Fig. la) .
Effects of midazolam and diazepam on aldosterone synthesis Figure 3 shows the effects of midazolam in zona glom¬ erulosa cells on aldosterone synthesis from added 11 ß-OHP (2-5 pmol/1). The drug inhibited synthesis in a dose-dependent manner with an inhibitory threshold of 1-9 pmol/1 and a KT of 54 pmol/1.
The effects of both midazolam and diazepam on basal and potassium-stimulated (10 pmol/1) aldoster¬ one synthesis are shown in Fig. 4 (Fig. 1) , conversion of 21-deoxycortisol to cortisol (Fig. 2) or conversion of 11 ß-hydroxyprogesterone to aldoster¬ one (Fig. 3) Spät, 1990) in zona glomerulosa cells that the rate of Ca uptake remained linear during the first 2 min of incu¬ bation. In the present experiments, uptake was measured over 60 s during this initial 2-min period. The effects of increasing concentrations of midazo¬ lam on initial rates of basal 45Ca uptake are illustrated in Fig. 6 . Figure 6a shows data from a preparation containing mainly zona glomerulosa cells ; Fig. 6b (Holloway et al. 1989) . Two other groups have described inhibitory effects of diazepam on corticosteroidogenesis (Shibita et al. 1986; Vinson et al. 1991) . Both of these studies used aldosterone production by cells derived from rat tissue as an end-point, and both used drug concentrations a magnitude lower than in our previous study (Holloway et al. 1989) . Given (Müller & Baumann, 1974 (Aguilera & Catt, 1986; Quinn, Cornwall & Williams, 1987 (Whitwam, 1987; Saavo, 1988 (Krueger & Papadopoulos, 1990) . However, since inhibitory effects of benzodiazepines have also been reported (Papadopoulos, Nowzari & Krueger, 1991) (Matsunaga, Yamashita, Manuyama et al. 1987) . The interrelationships between the actions of endozepines and cation transport in the adrenal cortex merit further investigation.
